The synthesis of oligonucleotides (ODNs) containing 5-(N-aminohexyl)carbamoyl-2¢-O-methyluridine (D) is described, and thermal stability and resistance to enzymatic hydrolysis of the ODNs are compared with ODNs containing 5-(N-aminohexyl)-carbamoyl-2¢-deoxyuridine (H). The ODNs containing D and the complementary RNA demonstrated a duplex thermal stabilization of 0.4±3.9 o C per modi®-cation depending on the position and the number, while the ODNs containing H with the RNA showed slightly less effective thermal stabilization. Furthermore, the ODNs containing D were found to be more resistant to nucleolytic hydrolysis, not only by snake venom phosphodiesterase (SVPD; a 3¢-exonuclease) but also by DNase I (an endonuclease). The half-life of the 17mer containing ®ve molecules of D against nucleolytic hydrolysis by SVPD was 240 times greater than the unmodi®ed 17mer ODN, which is 1.8 times greater than the ODN containing 5Hs in the same sequence. Against DNase I, the same ODN containing 5Ds was 24 times greater stable than the unmodi®ed 17mer and 15 times more stable than the ODN containing 5Hs. We also examined whether the duplexes formed by the ODNs containing D and the complementary RNAs could be a substrate of Escherichia coli RNase H. It was revealed that a minimum of ®ve contiguous unmodi®ed 2¢-deoxyribonucleosides between Ds was required to constitute a substrate of E.coli RNase H. Thus, the ODN with Ds and at least ®ve contiguous unmodi®ed 2¢-deoxyribonucleosides between Ds was found to be a candidate for a novel antisense molecule.
INTRODUCTION
Antisense oligodeoxynucleotides (ODNs) have been applied extensively to the regulation of cellular and viral gene expression (1±4). They hybridize to mRNA targets by Watson±Crick base pairing and inhibit translation of mRNA in a sequence-speci®c manner. One of the major problems encountered when using naturally occurring phosphodiester ODNs as antisense molecules is their rapid degradation by nucleases found in cell culture media and inside cells. Therefore, several types of backbone-modi®ed ODNs have been synthesized and used for antisense studies (5) . Phosphorothioate ODN, in which one non-bridging phosphate oxygen is replaced by sulfur, is one of the most widely used backbone-modi®ed antisense ODNs. Phosphorothioate ODN is markedly more resistant to hydrolysis by nucleases than unmodi®ed ODNs and a substrate of RNase H that selectively cleaves the RNA strand of a DNA±RNA duplex (2) . However, it is known that their binding af®nity for RNA is lower than that of an unmodi®ed ODN (6) . Furthermore, phosphorothioate ODNs sometimes exhibit non-sequence-speci®c activity (7±9).
On the other hand, naturally occurring polyamines, such as spermidine and spermine, are known to bind strongly to DNAs (10±12) and stabilize duplex (13, 14) and triplex formations (15±17), although the precise mode of binding is not clear. Their enhanced thermal stability is explained by the reduction of the anionic electrostatic repulsion between the phosphate moieties by the cationic polyamines under physiological conditions. Therefore, ODN analogs carrying various polyamines have been synthesized, and some of them were shown to increase the thermal stability of duplexes and triplexes and to be more resistant to nucleases than unmodi®ed ODNs (18±32).
Based on this background, we also synthesized the ODNs containing 5-(N-aminohexyl)carbamoyl-2¢-deoxyuridines (1; H) (28±30). We found that the 17mer ODNs containing four residues of H at dispersed positions greatly stabilized duplex formation with both complementary DNA (3.0°C increase per modi®cation as compared to the unmodi®ed DNA) and RNA (1.5°C increase per modi®cation) strands (28, 29) .
Furthermore, the ODNs were markedly more resistant (about 160 times more stable) to nucleolytic hydrolysis by snake venom phosphodiesterase (SVPD; a 3¢-exonuclease) than unmodi®ed ODNs and were very stable in a medium containing 10% fetal calf serum (29) . However, it was also found that the endonuclease-resistant property of the ODNs containing H was insuf®cient to allow it to be applied to antisense studies. The half-life of the 17mer ODN containing alternatively 5Hs toward nucleolytic hydrolysis by nuclease S1 (an endonuclease) was 7 times greater than that of the unmodi®ed ODN. However, when increased numbers of unmodi®ed bases were incorporated between the Hs in the ODNs, the nuclease S1-resistant property was greatly reduced (30) (Fig. 1) .
It has been reported that a 2¢-O-methyl modi®cation of RNA increases the stability of the RNA to nucleolytic hydrolysis by nucleases as well as the thermal stability of the duplex with a complementary RNA (33±35). Thus, we envisioned that a 2¢-O-methyl modi®cation of H would further increase the stability of the ODNs to nucleolytic hydrolysis by both exo-and endonucleases and the thermal stability of the duplexes with their complementary RNAs.
In this paper, we report the synthesis of 5-(N-aminohexyl)-carbamoyl-2¢-O-methyluridine (2; D) and its incorporation into ODNs. The thermal stability of the duplexes composed of the ODNs containing D and their complementary RNAs, the exo-and endonuclease-resistant properties of the ODNs and their ability to elicit RNase H activity were also examined.
MATERIALS AND METHODS

General experimental data
Thin-layer chromatography was done on Merck coated plates 60F 254 . The silica gel or the neutralized silica gel used for column chromatography were Merck silica gel 5715. The 1 H-NMR spectra were recorded with a JEOL EX-270 spectrometer with a tetramethylsilane as an internal standard. Chemical shifts are reported in parts per million (d), and signals are expressed as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet) or br (broad).
5-Iodo-2¢-O-methyluridine (7)
. A mixture of 2¢-O-methyluridine (6) (200 mg, 0.78 mmol), iodine (0.21 g, 0.47 mmol) and ceric ammonium nitrate (CAN; 0.21 g, 0.39 mmol) in AcOH (13 ml) was stirred at 80°C for 1 h. After the solvent was co-evaporated 3 times with H 2 O, the crude product was crystallized from hot EtOH to give 7 (240 mg, 80%, as a white crystal): 1 
5¢-O-Dimethoxytrityl-5-iodo-2¢-O-methyluridine (8).
A mixture of 7 (106 mg, 0.28 mmol), DMTrCl (150 mg, 0.44 mmol) and 4-(dimethylamino)pyridine (DMAP) (2.2 mg, 0.018 mmol) in pyridine (2.5 ml) was stirred at room temperature for 18 h. After the reaction was quenched by the additon of EtOH (0.2 ml), the solvent was co-evaporated twice with toluene. The residue was partitioned between AcOEt and H 2 O, the organic phase was washed with saturated aqueous NaHCO 3 and then brine, and dried (Na 2 SO 4 ). After evaporation of the solvent, the crude product was puri®ed by column chromatography (neutral-SiO 2 5¢-O-Dimethoxytrityl-5-tri¯uoroethoxycarbonyl-2¢-O-methyluridine (9) . A mixture of 8 (105 mg, 0.15 mmol), Et 3 N (43 ml, 0.31 mmol), CF 3 CH 2 OH (110 ml, 1.5 mmol) and Pd(PhCN) 2 Cl 2 (1.2 mg, 3.1 mmol) in CH 3 CN (1.5 ml) was stirred at 60°C for 6 h under CO atmosphere. The reaction mixture was ®ltered with a Celite pad to remove the catalysis. After evaporation of the solvent, the residue was partitioned between AcOEt and H 2 O. The organic layer was washed with brine and then dried (Na 2 SO 4 ). The crude product was puri®ed by column chromatography (neutral-SiO 2 , 5¢-O-Dimethoxytrityl-5-(N-tri¯uoroacetylaminohexyl)carbamoyl-2¢-O-methyluridine (10). 1,6-Diaminohexane (52 mg, 0.45 mmol) was added to a solution of 9 (102 mg, 0.15 mmol) and N,N-diisopropylethylamine (39 ml, 0.22 mmol) in DMF (1.5 ml), and the mixture was stirred for 17 h at room temperature. The mixture was concentrated in vacuo and taken in AcOEt, which was washed with H 2 O and brine. The organic layer was dried (Na 2 SO 4 ) and concentrated to dryness. The residue was dissolved in DMF (1.5 ml). Et 3 N (0.21 ml, 1.5 mmol) and CF 3 COOEt (0.18 ml, 1.5 mmol) were added to the solution, and the mixture was stirred at room temperature for 3 h. The mixture was concentrated in vacuo and taken in AcOEt, which was washed with H 2 O and brine. The organic layer was dried (Na 2 SO 4 ) and concentrated to dryness. The residue was puri®ed by column chromatography (neutralSiO 2 , CHCl 3 :AcOEt = 1:1) to give 10 (73 mg, 61%, as a white 
phosphoroamidite (44 ml, 0.25 mmol) was added to a solution of 10 (102 mg, 0.13 mmol) and N,N-diisopropylethylamine (39 ml, 0.19 mmol) in CH 2 Cl 2 (1.3 ml), and the reaction mixture was stirred for 2 h at room temperature. The mixture was partitioned between AcOEt and saturated aqueous NaHCO 3 , then the organic layer was washed with brine and dried (Na 2 SO 4 ). After concentration of the organic phase, the residue was puri®ed by column chromatography (neutralSiO 2 , hexane:AcOEt = 1:1) to give 11 (89 mg, 71%, as a white foam): 31 P-NMR (CDCl 3 ) d 151.60, 150.97; HRMS (FAB, positive) calculated for C 49 H 62 F 3 N 6 NaO 11 P 1021.4064 (MNa + ), found 1021.4020. (12) . A solution of 10 (311 mg, 0.39 mmol), succinic anhydride (80 mg, 0.78 mmol) and DMAP (9.5 mg, 78 mmol) in pyridine (4 ml) was stirred overnight at 50°C. The reaction was quenched by the addition of H 2 O (1 ml) at room temperature and the solvent was evaporated to dryness. The residue was partitioned between AcOEt and H 2 O, and the organic layer was washed with saturated aqueous KH 2 PO 4 and brine. The separated organic phase was dried (Na 2 SO 4 ) and concentrated. The residue was puri®ed by column chromatography (neutral-SiO 2 Synthesis of the controlled pore glass support (13) . Aminopropyl controlled pore glass (642 mg, 57.3 mmol, 89.2 mmol/g) was added to a solution of 12 (206 mg, 0.23 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (53 mg, 0.27 mmol) in anhydrous DMF (3 ml), and the mixture was kept for 72 h at room temperature. After the resin was washed with anhydrous pyridine, a capping solution (4 ml, 0.1 M DMAP in pyridine:Ac2O = 9:1) was added and the whole mixture was kept for 8 h at room temperature. The resin was washed with EtOH and acetone, and dried in vacuo. The amount of loaded nucleoside 12 to the solid support is 41.9 mmol/g from calculation of released dimethoxytrityl cation by a solution of 70% HClO 4 :EtOH (3:2, v/v).
Synthesis of oligonucleotides.
ODNs were synthesized on a DNA/RNA synthesizer (Applied Biosystem Model 392) by the phosphoramidite method (36) . Each ODN linked to the resin was treated with concentrated NH 4 OH at 55°C for 12 h. Then the released ODNs protected by a DMTr group at the 5¢-end were chromatographed on a C-18 silica gel column with a linear gradient of CH 3 CN from 0 to 30% in 0.1 M TEAA buffer (pH 7.0). The fractions were concentrated and the residue was treated with aqueous 80% AcOH at room temperature for 20 min, then the solution was concentrated and the residue was co-evaporated with H 2 O. The residue was dissolved in H 2 O, and the solution was washed with AcOEt, then the H 2 O layer was concentrated to give deprotected ODNs. The crude ODNs were dissolved in 0.1 M TEAA buffer and puri®ed by reverse-phase HPLC to give pure ODNs.
Thermal denaturation study. Each sample containing an appropriate ODN and a complementary RNA in a buffer of 10 mM sodium cacodylate (pH 7.0) containing 10 mM NaCl was heated, then cooled gradually to room temperature and used for the thermal denaturation study. Thermally induced transitions were monitored at 260 nm on a Beckman DU-650 spectrometer. The sample temperature was increased 0.5°C/min.
Partial hydrolysis of ODN with SVPD. Each ODN labeled with 32 P at the 5¢-end (10 pmol) was incubated with SVPD (20 ng) in the presence of Torula RNA (0.15 OD units at 260 nm) in a buffer containing 37.5 mM Tris±HCl (pH 8.0), 8 mM MgCl 2 and 5 mM DTT (total 20 ml) at 37°C. At appropriate periods, aliquots of the reaction mixture were separated and added to a solution of EDTA (5 mM, 10 ml), then the mixtures were heated for 3 min at 90°C. The solutions were analyzed by electrophoresis on 20% polyacrylamide gel containing 7 M urea.
Partial hydrolysis of ODN with DNase I. Each ODN labeled with 32 P at the 5¢-end (10 pmol) was incubated with DNase I (10 or 5 U) in the presence of Torula RNA (0.26 OD units at 260 nm) in a buffer containing 40 mM Tris±HCl (pH 7.5) and 5 mM MgCl 2 (total 20 ml) at 37°C. At appropriate periods, aliquots of the reaction mixture were separated and added to a solution of EDTA (5 mM, 10 ml), then the mixtures were heated for 3 min at 90°C. The solutions were analyzed by gel electrophoresis as described above.
RNA hydrolysis by E.coli RNase H. A mixture of ODN (240 pmol) and the complementary RNA (200 pmol) was annealed by heating at 90°C for 5 min and then cooled to 30°C, in the presence of labeled RNA with 32 P at the 5¢-end (2 pmol) in a buffer containing 10 mM Tris±HCl (pH 8.0), 10 mM MgCl 2 , 50 mM NaCl, 0.5 mM DTT and 0.01% BSA (total 20 ml). The mixture was incubated with 0.42 U of E.coli RNase H (Takara Shuzo Co., Ltd) at 30°C. Aliquots (1 ml) of the reaction mixture were taken after 5, 15, 30, 60 and 120 min. The samples were added to a solution of 10 M urea in 50 mM TBE buffer and cooled on ice. The hydrolyzed products were analyzed by 20% polyacrylamide gel containing 8 M urea (37) . Radioactivity of each band was estimated by a Bio-imaging analyzer (Bas 2000, Fuji Co., Ltd).
Kinetic analysis. The kinetic studies of RNA hydrolysis by E.coli RNase H were carried out under the conditions described above. Reaction times were adjusted to give extents of reaction of 10% or less. The Michaelis constant (K m ) and the maximum rate of reaction (V max ) were obtained by the Hanes±Woolf plot.
RESULTS AND DISCUSSION
Synthesis
The synthesis of the ODNs containing D was accomplished in a DNA/RNA synthesizer by using the suitably protected 5-(N-aminohexyl)carbamoyl-2¢-O-methyluridine phosphoroamidite 11. The synthesis of 11 is shown in Scheme 1. Treatment of 2¢-O-methyluridine (6) with iodine and CAN gave 5-iodo-2¢-O-methyluridine (7) in 80% yield (38) . Compound 7 was reacted with DMTrCl to give 5¢-O-DMTr-5-iodo-2¢-O-methyluridine (8) quantitatively. Palladiumcatalyzed carbonylation of 8 with carbon monoxide in 2,2,2-tri¯uoroethanol gave the 5-tri¯uoroethylcarbonyl derivative 9 in 91% yield (29) . After introducing the aminohexyl linker into 9, the terminal amino group of the linker was protected with a tri¯uoroacetyl group to give 10 in 61% yield. Nucleoside 10 was converted to the protected nucleoside phosphoramidite 11 by the standard procedure. To incorporate D into the 3¢-end of ODNs, 3¢-succinate 12 was prepared from 10, and 12 was linked to controlled pore glass to give the solid support 13 containing 12 (41.9 mmol/g).
All ODNs used in this study were synthesized in a DNA/ RNA synthesizer. The average coupling yield of 11 was 89% using a 0.2 M solution of the amidite derivative in CH 3 CN and a 1 h coupling time. The fully protected ODNs were deprotected and puri®ed by the standard method. Each ODN produced showed a single peak in reverse-phase HPLC analysis. Furthermore, these ODNs were analyzed by matrix-assisted laser desorption/ionization time-of-¯ight mass spectrometry (MALDI-TOF/MS), and the observed molecular weights supported their structures (Table 1) . [T m (1 M NaCl) ± T m (0.01 M NaCl)] were compared ( Table 2) . The values for the duplexes containing H or D became smaller than those for the control duplex (DT m 3 = +22.2°C). The values for the duplexes containing H or D decreased when the number of H or D incorporated into the ODNs increased. Furthermore, the values (19.1°C for ODN 21-V and 20.3°C for ODN 21-VI, respectively) for the duplexes containing Ac H or Ac D were similar to or slightly lower than those of the control duplex. Thus, the terminal ammonium ions in H and D help to neutralize the phosphate negative charges.
UV melting studies of duplexes
The thermal stabilities of DNA/RNA duplexes containing nucleoside analogs with electronegative substituents at the 2¢-a positions are often discussed on the basis of the gauche effect between the electronegative substituents and O 4 ¢ of the furanose ring. The electronegative substituent at the 2¢-a position shifts the conformational equilibrium of the sugar to 3¢-endo. Shifting the conformation of the DNA strand to 3¢-endo puts it in a more RNA-like conformation and causes the hybridization properties to more resemble those of an RNA/RNA geometry (35, 39) .
The conformation of the sugar moiety of D was studied by 1 H NMR. The fractional population of the N-conformer of 10 was calculated by the formula, %N = (10 ± J 1¢,2¢ ) Q 10 (40). The J 1¢,2¢ value of 10 was 3.2 Hz, whereas that of the corresponding 2¢-deoxyuridine derivative, 5¢-O-DMTr-5-(Ntri¯uoroacetylaminohexyl)carbamoyl-2¢-deoxyuridine, was 6.5 Hz. Thus, the N% value was estimated to be 68 and 35%, respectively. Therefore, the high thermal stability of the ODN/RNA duplexes containing D was due to the conformation of the sugar moiety of D as well as to the neutralization of the phosphate negative charges by the terminal ammonium ions of the linkers.
Nuclease resistance
The susceptibility of the ODNs to nucleolytic digestion was examined. Two kinds of nuclease, SVPD and DNase I, were used in this study as models for a 3¢-exonuclease and an endonuclease, respectively.
The ODNs containing the modi®ed nucleosides were labeled at the 5¢-end with 32 P and incubated with SVPD or DNase I. The reactions were then analyzed by polyacrylamide gel electrophoresis under denaturing conditions. Figure 2 shows the results with SVPD. Although the control 14 and the ODN 21-IV containing ®ve residues of 2¢-Omethyluridine (3; M) were hydrolyzed randomly within 30 min of incubation, the phosphodiester linkages at the 5¢-sides of the modi®ed nucleosides were resistant to SVPD.
After 2 h, no enzymatic degradation of the ODNs containing ®ve residues of H or D was observed at all. The half-lives (t 1/2 s) of the control ODN 14 and the ODN 21-IV containing M were 5.0 and 5.8 min, whereas those of the ODNs containing 21-II and 21-III were 11 and 20 h, respectively. Therefore, the t 1/2 of the 17mer containing 5Ds against SVPD was 240 times longer than the unmodi®ed 17mer ODN, which is 1.8 times greater than the ODN containing 5Hs in the same sequence.
The phosphodiester linkages around the modi®ed nucleoside D were also highly resistant to the endo-hydrolysis by DNase I (Fig. 3) . For the most part, the t 1/2 of the ODNs containing H did not depend on the number of H (30), while those containing D were dependent on the number of D. The t 1/2 s of the ODNs containing D increased as the number of D increased. The t 1/2 s of the control ODN 14 was 7.3 min, whereas the t 1/2 s of the ODNs 19-II, 20-II, 21-II, 19-III, 20-III and 21-III were 8.3, 13, 12, 14, 90 and 174 min, respectively. The t 1/2 of the 17mer ODN 21-II containing ®ve molecules of H was almost equal to that of the control ODN 14, while that of the 17mer ODN 21-III containing ®ve molecules of D was 24 times greater than that of the control ODN. From these results, it can be con®rmed that the ODNs containing D were highly resistant against hydrolysis not only by the 3¢-exonuclease but also by the endonuclease.
Next, we examined the effects of the terminal ammonium ions of the aminoalkyl chains on the resistance of the ODNs to the endonuclease. We compared the susceptibilities of the ODNs 21-V containing Ac H and 21-VI containing Ac D to nucleolytic digestion by DNase I with those of the ODNs 14 and 21-IV containing M (Fig. 4) . The t 1/2 s of the ODNs 14, 21-IV, 21-V and 21-VI were 0.73, 5.5, 0.69 and 16 min, respectively. The relative t 1/2 s of the ODNs 21-IV, 21-V and 21-VI to that of the unmodi®ed ODN 14 were 7.5, 0.95 and 22, respectively. On the other hand, the relative t 1/2 of ODN 21-III containing D to the ODN 14 was 24. Thus, the high -TATGTATTTTTATCTGT-3¢  ODN 15-II or III  5¢-XATGTATTTTTATCTGT-3¢  ODN 16-II or III  5¢-TATGTATTTTTATCTGX-3¢  ODN 17-II or III  5¢-TATGTATTXTTATCTGT-3¢  ODN 18-II or III  5¢-TATGTATTXTTATCTGX-3¢  ODN 19-II or III  5¢-TAXGTATTTXTATCTGX-3¢  ODN 20-II or III  5¢-TAXGTATXTTTAXCTGX-3¢  ODN 21-II, III 32 P at the 5¢-end were incubated with E.coli RNase H, and the products were analyzed by polyacrylamide gel electrophoresis. The RNA in the duplex composed of the ODN 23-III with three contiguous unmodi®ed 2¢-deoxyribonucleoside residues between Ds was hardly hydrolyzed by the enzyme after 2 h of incubation (Table 3) . On the other hand, the RNA in the duplex composed of the ODN 24-III with four contiguous unmodi®ed 2¢-deoxyribonucleoside residues between Ds was found to be hydrolyzed by the enzyme at the single site, as shown in Figure 5d . Under the same conditions, the RNA in the duplex consisting of the ODN 24-IV with four contiguous unmodi®ed 2¢-deoxyribonucleoside residues between Ms was also cleaved by the enzyme at the single site (Fig. 5c) , while the RNA in the duplex composed of the ODN 24-II with four contiguous unmodi®ed 2¢-deoxyribonucleoside residues between Hs was hydrolyzed almost randomly (Fig. 5b) .
The t 1/2 s of the enzymatic hydrolysis of the RNAs in the ODN/RNA duplexes against RNase H and relative t 1/2 s of the RNAs in the duplexes containing the modi®ed nucleosides M, H or D to those in the unmodi®ed duplexes are summarized in Table 3 . The relative t 1/2 of the ODN 24-IV/RNA 28 duplex with four contiguous unmodi®ed 2¢-deoxyribonucleoside residues between Ms was 0.51, whereas that of the ODN 24-III/RNA 28 duplex with four contiguous unmodi®ed 2¢-deoxyribonucleoside residues between Ds was 13. On the other hand, the relative t 1/2 of the ODN 25-III/RNA 29 duplex with ®ve contiguous unmodi®ed 2¢-deoxyribonucleoside residues between Ds was 1.6. Thus, a minimum of ®ve contiguous unmodi®ed 2¢-deoxyribonucleosides between Ds was required for ef®cient substrates of E.coli RNase H.
Kinetic analysis for the RNA degradation by RNase H
In order to investigate the RNA hydrolysis by RNase H in detail, we next carried out the kinetic analysis for the RNA hydrolysis by the enzyme. The ODNs, 24-III, 24-IV and 24-VI, with four contiguous unmodi®ed 2¢-deoxyribonucleoside residues between the modi®ed nucleosides M, D and Ac D, which afforded the single cleavage site, were used in this study. The Michaelis constant (K m ) and the maximum rate of reaction (V max ) were determined experimentally, and the turnover number (k cat ) and the k cat /K m values were then calculated. The kinetic parameters are summarized in Table 4 .
The K m value of the ODN/RNA duplex composed of the ODN 24-IV containing M was 3.9 mM, whereas the values of the ODNs 24-III containing D and 24-VI containing Ac D were 9.6 and 10.0 mM, respectively. The K m values of the duplexes containing D or Ac D were only~3-fold greater than K m value of the duplex containing M. On the other hand, the k cat value of the duplex composed of the ODN 24-IV containing M was 5.0 sec ±1 , whereas the k cat values of the ODNs 24-III containing D and 24-VI containing Ac D were 0.19 and 2.8 sec ±1 , respectively. The k cat value of the duplex containing D was 1/30 of that containing M, whereas the k cat value of the duplex containing Ac D was about half that containing M. These results indicate that the aminohexyl chain of the modi®ed nucleoside D does not in¯uence the af®nity of the ODN/RNA duplex for the enzyme, but rather the rate of the hydrolysis of RNA by the enzyme.
CONCLUSION
In this paper, we have described the synthesis and properties of the ODNs containing D. We found that the ODNs containing D thermally stabilized the duplexes with the complementary RNA markedly. Furthermore, the ODNs containing D were found to be highly resistant to nucleolytic hydrolysis not only by SVPD (a 3¢-exonuclease) but also by DNase I (an 
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